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Abstract The inefficiency of health care provision presents a major health policy concern in Germany. In order to address the issue of efficiency comprehensivelyi.e. at the level of the entire system of health care provision rather than individual service providers -empirical analyses are often based on data at the regional level. However, regional efficiencies might be subject to spatial dependence, rendering any analysis biased that aims at identifying the determinants of efficiency differentials. We address this issue by specifying a spatial autoregressive model to explain efficiency scores for German districts which we derive through data envelopment analysis. Regression results suggest that spatial dependence is not a dominant feature in the data. Hence, ignoring spatial interdependence is unlikely to severely bias results of efficiency analyses based on regional data. This holds, in particular, for the role of the states in the efficiency of health production. Significant heterogeneity among states is found in the data regardless of whether or not spatial dependence is accounted for.
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Keywords: Health production, data envelopment analysis, spatial autoregressive model June 2009 * Stefan Felder, University of Duisburg-Essen; Harald Tauchmann, RWI. -The authors are grateful to Rüdiger Budde for generating the regional distance-matrix that is used for our empirical analysis and to Miriam Krieger for editorial assistance. -All correspondence to Harald Tauchmann, RWI, 45128 Essen, Germany, Figure 1 , a map of the districts in Germany, indicates substantial heterogeneity in standardized mortality across districts. While for some districts mortality is 21% lower than expected on the basis of demographic structure alone, others exhibit mortality rates as much as 26% above the expected level. Standardized mortality is highest in the north-east of the country -the former GDR -and lowest in the south-west -the state of Baden-Wurttemberg and southern Bavaria. As DEA requires at least one desired output rather than an unwanted 'bad', we use the inverse of standardized deaths as left-hand side variable (cf. Scheel, 2000). As comprehensive quantitative information on health care utilization (e.g. the number of physician consultations) is not available to us at the district level, we use medical infrastructure to measure the inputs to health production. 10 Specifically, hospital beds, the number of general practitioners, and the number of resident medical specialists -each per 10,000 inhabitants -enter the data envelopment analysis (see Figures 2 trough 4) . Figures 2 and 4 show the typical pattern of hospitals and medical specialist located in cities or towns, with a much weaker supply of medical infrastructure in the countryside. This pattern is most distinct in Franconia (marked red in Figures 2 and 4) and some bordering regions, where the arrangement of districts adheres closely to the 'StadtkreisLandkreis' scheme. Though the distribution of general practitioners (Figure 3 ) exhibits some 8 This is not uncommon in applied health economics; see Hall and Jones (2007) for a recent example. 9 Unfortunately, the data available to us include precise age only up to 75 years. For the population older than this, figures are reported in age-classes, i.e. 75 to 80, 80 to 85, and > 85 years. 10 As with patient flows, publically available information on inpatient care is much better than information on outpatient care. 8 interesting regional features -e.g. remarkably low numbers for the western state of North RhineWestphalia -there is no distinct difference between urban and rural districts. Figure 5 displays the corresponding DEA results in terms of output-oriented technical efficiency scores ( 0 < DEA score 1 £ ). These scores can be interpreted as the factor by which mortality might be reduced, relative to other districts, without changing the inputs considered here
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. On average, districts reach an efficiency level of 0.827 while the worst score is 0.652. The share of districts classified as fully efficient (unity efficiency score) is only 3%.
12 The regional pattern of efficiency scores to some degree mirrors the distribution of standardized mortality. That is, while the share of highly efficient districts is rather large in the south-west, many of the least efficient ones are located in the north-east of the country. Interestingly, especially in the region of Franconia, DEA results exhibit a pattern of relatively less efficient urban districts surrounded by rural ones featuring high, in some cases even perfect, efficiency scores (see Figure 6 and Table 2 ). 11 As we conceptualize DEA in terms of a descriptive tool rather than a causal model, this interpretation should not be overstretched. 12 Since the share of fully efficient districts is very low, censoring from the right is not a major problem for the subsequent regression analysis that uses DEA scores as left-hand side variable.
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This corresponds to the regional distribution of hospitals and medical specialists and supports our original hypothesis of a strong influence of net patient flows on district-specific efficiency scores. Inhabitants of rural Franconia thus receive medical treatment in urban district such as Bamberg, Bayreuth, Schweinfurt and Wurzburg, leading to a downward bias in the urban efficiency scores while the rural contiguous neighbours seem highly efficient. Indeed, applying Moran's I test to the raw 13 efficiency scores indicates a highly significant spatial correlation, regardless of the type of spatial weighting matrix used. 
A Spatial Regression Model
If spatial interdependence occurs in health care provision, it must be considered in the regional analyses of health care efficiency so as to achieve unbiased and conclusive results. In a spatial regression model explaining regional efficiency, unobserved net patient flows might most appropriately be modelled with spatially negatively correlated errors. In contrast, potential spillover effects from one region to another may be captured by including the efficiency scores of neighbouring districts as right-hand side variables in the regression model. The spatial autoregressive model with autoregressive disturbances (see Kelejian & Prucha, 1998) 
